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Introduction
All OECD countries have been severely hit by the global financial crisis starting in 2008. However, the extent to which the decline in aggregate demand translated into lower employment has differed dramatically across countries (Figure 1, and OECD, 2012) . In some of them, much of the adjustment in the labour market has been in terms of labour shedding (e.g. Spain and the U.S.). In others, where firms have tended to hoard labour (e.g. Germany, Japan) employment declined less. These differences can be explained by a number of factors: variation in shocks and agents' responses to them; differences in economic structures; and institutional characteristics of countries. As Figure 1 illustrates, during the crisis, differences in the size of aggregate shocks played an important role, although a substantial part of the variation in employment dynamics is left unexplained. For example, in Germany and Japan, manufacturing industries suffered the most from the decline in aggregate demand. In contrast, the construction sector was hit particularly hard in Ireland, Spain and the US, where it had tended to grow rapidly before the crisis as a result of the housing bubble. Since firm-specific human capital tends to be less important in construction than in manufacturing, construction firms may adjust their labour inputs more quickly in response to falling output. In other words, there may be a role for firm-heterogeneity in shaping the diverse aggregate responses: cross-country differences in the distribution of output shocks across heterogeneous firms as well as differences in their composition can account for some of the observed differences in aggregate employment. 1 1 Indeed, it can be shown that during the global financial crisis, labor market outcomes diverged within coun-
1
This large variation in the employment impact of the crisis across countries also raises important questions about the role of policies and institutions. A number of studies have sought to analyse their role for shaping the impact of economic downturns on labour markets using aggregate data (e.g. Blanchard and Wolfers, 2000; Bassanini and Duval, 2009; OECD, 2012) . While these studies have provided useful insights about the potential role of policies and institutions for the way labour markets adjust in response to shocks, it tends to be difficult to isolate the impact of specific policies and institutions using the cross-country variation in the data because of their correlation across countries (e.g. Belot and van Ours, 2004) . 2 Moreover, there is also a risk that aggregate studies of this kind leave a considerable part of the cross-country variation unexplained by ignoring the role of firm heterogeneity and differences in economic structures.
This paper investigates the role of policies and institutions for aggregate labour market dynamics during the global financial crisis using firm-level data. The advantages of firm-level data are twofold. On the one hand, it allows us to control for firm-heterogeneity, differences in the composition of firms and the distribution of shocks when understanding aggregate dynamics.
On the other hand, we can use within-country variation as well as across country variation to identify the impact of institutions.
In light of these issues, the present paper makes the following contributions. First, using comprehensive and comparable firm-level data for 20 OECD countries for the period 1993-2009, we estimate the responsiveness of employment and earnings per worker to output shocks across countries, industries and firm-size groups. Second, using a semi-aggregated dataset of estimated output elasticities, employment shares and output shocks by the same breakdown, we employ variance decomposition methods to assess the relative contribution of cross-country differences in economic structure ( "structure heterogeneity"); the distribution of output shocks across different types of firms ("shock heterogeneity"); and the responsiveness of labour inputs to output shocks ( "response heterogeneity") in explaining the cross-country variation in aggregate employment growth during the crisis. Assuming labor market institutions affect elasticities but not output shocks or economic structures, the variance explained by heterogeneity in elasticities can be interpreted as an upper bound on the effect of institutions.
Third, the role of specific policies and institutions for response heterogeneity is analysed.
Specifically, we investigate the role of two important labour market institutions for which withincountry as well as cross-country variation are both available: employment protection legislation (EPL) and the incidence of temporary work. Finally, we also assess briefly the implications of our key findings for aggregate labour market dynamics during the crisis.
The paper contributes to at least two branches of the literature. First, the analysis fits the line of papers about the role of market institutions for labor market outcomes. Previous studies followed either macro-or micro-economic approaches. The former exploit the variation across many countries (Layard and Nickell, 1999; OECD, 2006 and 2012; Bassanini and Duval, 2009 ), the latter use variation in microeconomic data from a single country or a restricted set tries. The increase in within-country dispersion during a downturn is consistent with previous work on uncertainty by Bloom (2009) and provides a first indication that using disaggregate data instead of aggregate data can add to understanding aggregate labor market dynamics. 2 This is due to that institutions are typically defined at the country level and correlated with each other across countries. This simultaneity implies that least squares coefficients of hand-picked institutional variables are biased estimates of true effects unless all institutions are controlled for in the regression.
of countries that allow exploiting the within-country variation Cingano et al., 2010) . 3 A recent paper by LaFontaine and Sivadasan (2009) falls somewhere in between in the sense that it uses plant-level data for a single multinational firm across more than 40 countries, but exploits the cross-country variation to assess the role of labour market rigidities for employment adjustment. While our paper is close in spirit to theirs, we look at the whole market economy and several thousand firms in each of the 20 countries in our sample. Further, we exploit both across and within country variation for two labor market institutions where data availability allows us to do so, EPL and temporary work. The impact of the former is identified using firm size exemptions, while the impact of the latter by the incidence of temporary work across firm size and industry groups. 4, 5 By and large, the present paper also relates to the literature that assesses aggregate implications of the way firms adjust to shocks at the micro level (Caballero et al., 1997; Davis et al., 2011) . Those studies emphasized the importance of non-linearities in adjustment technologies for aggregate dynamics. Under the assumption that institutional settings do not affect the composition of employment across firms or the distribution of output shocks in the short-run, we also assess the implications of our key findings for aggregate labour market dynamics during the crisis. However, the focus of our analysis is not the role of non-linearities but the heterogeneity in adjustment technologies.
The remainder of the paper is organized as follows. Section 2 describes: i) the methodology that is used to estimate the responsiveness of employment and earnings per worker with respect to output; ii) puts forward a variance decomposition that is used to quantify the relative importance of structure, shock and response heterogeneity for aggregate employment growth during the crisis; and iii) introduces the framework to analyze the role of institutions for the responsiveness of employment and earnings per worker to output shocks. Section 3 gives a short description of the data used for the different parts of the analysis. Section 4 presents the results.
Section 5 lays out the aggregate implications of our key findings, and the final section concludes.
Methodology
Given our main focus on the immediate response following the crisis, we maintain two important assumptions throughout the analysis. First, labour market institutions affect the adjustment of firms to output shocks, but not the distribution of output shocks or employment across different groups of firms. While economic structures and the distribution of shocks are clearly endogenous in the long run, this assumption allows us to use our micro-economic estimates for making inferences about aggregate labour market dynamics in the short run. Second, the 3 A number of recent papers (ECB, 2012; Hobijn and Sahin, 2012 ) also investigate the cross-country patterns in employment during the crisis, using data on vacancies and unemployment and focusing on policies affecting labour market matching.
4 Firm size exemptions have been used before to analyse the role of EPL in specific countries, but not yet in a cross-country context (see Venn, 2010, for details) .
5 Put differently, our analysis follows microeconomic studies in that the elasticities are estimated using firmlevel data. However, we deviate from those studies in that data is collected in a comprehensive manner from a multitude of countries. Our approach is related to macroeconomic studies in that one of the objectives is to explain cross-country variation in employment growth. However, it is different in that we do it by making use of within-country variation. adjustment technology is assumed to be homogeneous and constant over time for each firm group. 6
Estimating labour adjustment at the firm level
We take a simple reduced form dynamic labour adjustment equation as the basis for obtaining estimates of output elasticities of employment and also of earnings per worker
where l it denotes the labour input variable of interest in firm i in year t, y it denotes output (measured by turnover) in firm i in year t, η i denotes firm-fixed effects and ε it denotes an error term. Both the labour input variable and output are expressed in logs. Given the focus of the present paper on short-run adjustment, especially over the crisis, the analysis will focus on the short-term output elasticities, i.e. differences in the estimates of β-s. 7 We consider two labour input variables: employment and earnings per worker. The focus on earnings per worker in addition to employment is motivated by our aim to account for different margins of labour input adjustment. Macroeconomic evidence shows that in countries such as Spain and the United States, labour market adjustment related to the crisis has overwhelmingly taken the form of labour shedding (external margin). In countries such Germany and Japan, where firms have tended to hoard labour and reduce working hours (internal margin) much of the decline in employment has been avoided. Turning to the role of adjustment through wages, macroeconomic evidence with respect to real hourly wages is less reliable due to the role of composition effects. 8 Nevertheless, there is suggestive evidence that real wage adjustments have been relatively important in Central and Eastern European countries (OECD, 2012). As our cross-country firm level data do not allow differentiating between changes in working time and real wage effects, the analysis focuses on earnings per worker instead.
Equation 2.1 is a reduced form, and focuses only on output elasticity and leaves out many determinants of labour demand. For our purposes of identifying differences in responsiveness across countries and firm types, however, it is compatible with a variety structural models.
For example, it is consistent with labour demand models which assume that firms do not fully adjust instantaneously because of the presence of quadratic adjustment costs (Gould, 1968; Hamermesh, 1993) , but also provides a valid approximation when adjustment costs have a more complex structure (e.g. non-convex) due to the smoothing effect of aggregation across firms and over time. 9
6 Our assumption of the stability of labour market response to shocks is also supported by a recent study by Ball et al (2013) where they show that even during the recent crisis and in most countries, Okun's law coefficients did not change substantially. Moreover, they also show that differences across countries in terms of their responsiveness are much more important than the variation of responses over time, hinting at the role of labour market institutions which tend to be change only slowly and gradually over time.
7 Note that the long run elasticities β/(1 − γ) are primarily driven by technological factors such as productivity growth and the general trend in capital-labour substitution, whereas our current aim is to assess the role of policies in shaping the short-run response to the crisis.
8 Namely, the fact that less efficient workers with lower wages are more likely to be dismissed during a downturn increases average wages.
9 Annual data is likely to be "overaggregated" in time, meaning it does not match the timing of firm decisions. Consequently, annual employment data may signal smoother adjustment than quarterly or monthly Equation 2.1 is estimated by country * industry * firm size class cells (or firm groups) to allow for variation in the coefficients across each of these dimensions. To control for the endogeneity of output and lagged labour inputs, we apply a generalized method of moments estimator described in Arellano and Bond (1991) . 10 The estimated output elasticities are used as inputs for the variance decomposition and the analysis of institutions. In order to ensure that the estimated output elasticities are reasonable, we make use of the following rules. First, we disregard any output elasticities that do not satisfy the restriction 0 <β < 1 as these are considered to be implausible. Second, we disregard any output elasticities if (i) the number of instruments (j) is large relative to the sample size (N ) and (ii) Hansen's test of over-identifying restrictions rejects the null of the orthogonality of the instrument matrix and estimated errors.
An estimate is considered to be acceptable if (i) j/N < 0.3 and (ii) Hansen's test does not reject at the 5% level. 11
Decomposing cross-country heterogeneity in aggregate employment growth
What accounts for the increased dispersion in aggregate employment growth across countries during the global financial crisis, and what is the potential role of policies and institutions?
We take a first pass at these questions by decomposing the cross-country variation in aggregate employment growth into the respective contributions of three sources of heterogeneity: crosscountry differences in economic structure ("structure heterogeneity"); the distribution of output shocks across different types of firms ("shock heterogeneity"); and the responsiveness of labour inputs to output shocks ( "response heterogeneity") 12 We start by defining the predicted growth rate of log employment, ∆l cjs , in country c, industry j and size class s as:
where β cjs denotes the elasticity of employment with respect to output, y cjs denotes output (in logs) and Δ denotes the first difference operator. 13 The exact structure of the industry and size class breakdowns are described in Section 3.1 and in Table 2 . Time indices are dropped for expositional convenience. Note that the elasticities, obtained by estimating equation 2.1 for each firm group, are assumed to be time-invariant. The predicted aggregate employment growth rate at the country level, ∆l c can then be written as the weighted average predicted employment data. Therefore, estimating a linear model using annual firm-level data is not inconsistent with underlying models that specify non-linear adjustment costs (Hamermesh, 1993) . Indeed, the simulation results by LaFontaine and Sivadasan (2009) confirm that the relationship between the underlying friction and the estimated β and γ coefficients in a reduced form regression such as equation 2.1 is preserved under various types of adjustment costs. 10 We use difference-GMM with the 3rd to the 5th lags of the labour input and output as instruments. These lags were chosen for computational feasibility, such that the lagged instrument levels have sufficient explanatory power while maintaining orthogonality. As the estimates are carried out cell-by-cell and including year fixed effects, cell-level time-varying factors are controlled for.
11 The literature does not provide tests or even a rule of thumb to see whether the number of instruments is 'too' large relative to sample size. Increasing j/N filters less β cjs -observations and therefore leads to a larger sample size in the second stage (the institutional analysis) However, it also increases the probability that observations are noisier.
12 We do not consider earnings-per-worker dynamics during the crisis since in this case the decomposition would also have to account for the role of composition effects adding to the complexity of the exercise.
13 Of course, elasticities are estimated, using equation 2.1, and not directly observed, but for easier exposition, we write β instead of β. Coming back to the first term, A c in equation 2.4, it is important to realize that it includes the combined effect of response heterogeneity measured by β cg −β g and the joint distributions of w cg and ∆y cg . As such, if β −β, w and ∆y are correlated, then the contribution of heterogeneity, term A c , stems not only from heterogeneity in the β-s, but also from the combined variation in β −β, w and ∆y. We will refer to this term in the results section (Section 4) as "the contribution of response heterogeneity with interaction effects". To fully isolate the role of response heterogeneity, we consider another measure as well, without interaction effects. We do so by decomposing A c into a term where employment shares and output shocks are set to their respective cross-country averages in each group, and into other terms that capture the 14 More precisely, it gives the weighted average deviation of elasticities from their group-specific cross-country averages.
6 covariance structure of the variables:
w cg are the cross-country means of output growth and employment share in cell or firm group g. The first term on the right side of 2.5, A c , captures that part of employment growth which is associated with heterogeneity in responses alone. We refer to this part as the "contribution without interaction effects".
On the potential importance of the remaining terms A c − A c , i.e. the interaction effects, consider the following example. Suppose that countries with high (above-average) employment sensitivity β cg in a given group of firms, say small construction firms, also tend to have a larger employment share w cg and/or experience a larger output shock Δy cg in that group. For instance, the large fall in aggregate employment in Spain may be a combination of a large output shock hitting small construction firms, a large employment response to the shock and relatively high employment share of those firms. In this case, the contribution of response heterogeneity is likely to be relatively large, partly because of the role of interaction effects along these three dimensions. This is the motivation to consider to role of response heterogeneity without taking account of these interaction effects.
How to implement a variance decomposition in this setting? In order to calculate the contribution of each source of heterogeneity to the cross-country variation in employment growth, we make use of an implication of the definition of variance. Consider again equation 2.4. The cross-country variance of the left-hand-side of it can be written as: 15 Analogously to the steps we described above for response heterogeneity, which uses deviations from the cross-country means in elasticities β cg −β g , we calculate the role of the two other sources of heterogeneity as well: output shocks and employment structure. They use deviations from cross-country means in output shocks and employment shares also with and without interaction effects.
Analyzing the role of institutions
One challenge when trying to identify the role of policies and institutions is that institutions are to isolate the role of a single institution using cross-country data unless all institutional effects are effectively accounted for in the regression analysis. One way to get around this problem is to focus on the available within-country variation of a given institution as this is less likely to be correlated across institutions. 16 We consider two important labour market institutions that may have important implications for the adjustment behavior of firms, and which have data availabilities allowing us to utilize within-country as well as cross-country variation: employment protection provisions by exploiting firm-size exemptions and the role of temporary work by considering its incidence across firm types.
The institutional analysis uses the cell-by-cell estimates of the output elasticitiesβ cg of employment and earnings per workers based on equation 2.1 as the dependent, left-hand side variable. 17 The impact of the institution of interest is identified by relating the within-country variation in output elasticities to the within-country variation, or more precisely, by comparing the variation in these two variables across firm types within countries and comparing them across countries. In this sense, our estimation can be considered a generalized difference-in-difference approach that controls for both country and cell-specific fixed effects. 18
Formally, the empirical model to identify the role of institutions can be represented in generic form as follows:β
whereβ cg denotes the first stage estimates of the employment and earnings-per-worker elasticities by firm group g and country c, IN ST cg is the institutional variable of interest, and µ c and η g are group-and country specific fixed effects, respectively. Country-specific fixed effects are important as they control for omitted labour market institutions, while group-specific fixed effects control for systematic differences in production technologies and their potential implications for labour adjustment. The coefficient α is our parameter of interest. It captures the effect of institutions on responsiveness under the identifying assumption that the variation in the elasticities after conditioning on cell and country fixed effects can be attributed to institutions. 19
Employment protection legislation (EPL)
The effect of EPL is identified using variation generated by exemptions from national regulations (Venn, 2009) . Exemptions usually apply to small firms but the exemption threshold may differ across countries. 20 Exemptions may be full or partial and relate to individual or collective dismissals, denoted by EP R cs and EP C cs , respectively. 21 In general, the effect of more stringent regulations is expected to reduce employment responsiveness by increasing the costs of adjustment. Consequently, one would also expect firm size exemptions, i.e. looser employment protection for small firms, to reduce the fixed cost of adjusting the number of employees. This leads to stronger adjustment, i.e. larger β elasticities, resulting in a negative coefficient α < 0 in equation. 22 The identification assumption is that firms above and below the size-threshold differ only in terms of the applicable EPL-regime and are identical otherwise. If this assumption holds, any measured differences between the elasticities each side of the threshold can be attributed to EPL. To maintain the homogeneity of the sample along dimensions other than EPL, only those firms are taken into account whose employment level is either above or below the threshold throughout the entire sample period which is used for measuring output elasticities.
One potential concern with identifying the role of EPL from firm-size exemptions is that
18 The "first" difference is defined by within-country deviations in elasticities and institutional variables. The "second" difference is given by the difference in these differences across countries. Comparing the differences gives a measure of the effect of institutions. Our approach may be considered a generalized DiD approach in the sense that we focus on continuous rather than binary variables (i.e. institutions like EP L are measured on a continuous scale) 19 To account for the fact that the dependent variable is generated by a "first stage" regression (equation 2.1) the second-stage regressions use robust standard errors. We also ran the second stage regressions with using the standard errors of the first stage as weights, which did not affect the results.
20 A number of previous country studies have exploited the firm-size exemptions to study the economic implications of employment protection provisions (see Venn, 2010 , and references therein). However, to the best of our knowledge, ours is the first study which does this on a cross-country basis.
21 The stringency of EPL does not vary across industries, but only across countries and size classes. Therefore EPR and EPC are indexed only by country c and sizeclass s.
22 Theoretical models give some background to interpret results of the regressions below. For instance, Pissarides (2001) suggests that firing restrictions may be rationalized in the presence of market imperfections, which prevent workers from insuring against the risk of dismissal. On the other hand, EPL may hinder labour adjustment and therefore the efficient re-allocation of resources.
its estimated impact may be biased because it captures the independent or autonomous effect of firm size. For example, employment in small firms has traditionally been considered more sensitive to output shocks than employment in large firms due to the role of credit constraint, leading to a biased estimate of the impact of EPL on the responsiveness of employment to output shocks away from zero. However, more recent evidence by Postel-Vinay and Moscarini (2011) as well as the results in Section 4.1 of this paper show that the employment elasticity, if anything, increases with firm size, suggesting that the bias may go in the other direction.
We control for the independent effect of firm size in two complementary ways. First, we include firm-size dummies which capture any common effects of firm size across countries. This is done either by assuming that the independent effect of firm size does not depend on the level of threshold or by allowing for heterogeneous firm-size effects for each threshold. In the first, more restrictive setting, it is sufficient to include a single dummy that equals one for observations above the threshold and is zero otherwise. This dummy is denoted by v below. In the second setting, a separate firm-size dummy is included for each threshold. These are denoted by v s .
The second way of controlling for independent firm size effects is by including "control" countries that do not provide firm size exemptions in their EPL. The inclusion of control countries is important as it may otherwise not be possible to disentangle independent firm-size effects that are common across countries from threshold effects (particularly when using the restricted model that assumes a common threshold effect across different thresholds)
Formally, the empirical model used to identify the impact of EPL on output elasticities is described as follows:
where µ c denotes a set of country dummies, η j a set of industry dummies, and v s a set of size dummies, which allow for threshold-specific size effects. In the restricted version of the model where there is assumed to be a common threshold effect, the size dummy v s is replaced by v and the interpretation is effectively a uniform above vs. below threshold difference, irrespective of the exact value of the threshold (e.g. 10 or 15 employees, etc.) The coefficients α EP R and α EP C measure the average effect of EPL, conditional on size and country-fixed effects. 23 A second potential concern is that firms may systematically sort around the EPL threshold, depending on their adjustment technologies. In particular, firms that have higher output elasticities of employment are more affected by the presence of EPL. The reason is that it increases the fixed costs of adjusting the number of employees, thus hurts more those types of firms who would have more flexible adjustment in the absence of EPL. This provides incentives for firms to choose a small size which will make them exempt from EPL. This type of selection is likely to 23 While equation 2.8 provides the intuition, in practice, we also include the interaction of the size-class dummy with an indicator for being above or below the threshold. The reason for this is that in order to have a sufficient number of observations in each cell for the estimation of the elasticities, we use "overlapping cells". This means that a firm can be in the "above" group for the sample around the threshold at 10 employees, but in the "below" group for the sample around the threshold at 20 employees. Then the size-class dummy selects which threshold we are focusing on, and the above dummy selects whether the firm is above or below the particular threshold. For the control countries, where no EPL exemptions exist, we define above and below samples for each possible threshold. For the treatment countries, where EPL exemptions exist, we only define above and below samples with respect to the actual threshold.
raise the average output elasticity of employment below the threshold relative to those above the threshold, only by changing the pool of firms below the threshold. It may lead to a downward bias (away from zero) in the estimated impact of EPL on the employment elasticity.
In order to check whether the selection problem is serious in our case, we looked for signs of bumping or heaping in the firm size distribution. If this is important in practice, then observations should congregate below the thresholds, and/or we should observe spikes in the distribution of firm size. In contrast, the size distributions do not show unusual bunching at the thresholds (see Section B in the Appendix). 24
The incidence of temporary work
The effect of temporary work on responsiveness can, in principle, be investigated by using another component of the EPL index which refers to provisions with respect to temporary contracts (Venn, 2009 ). However, because of particular concerns over the enforcement of these provisions, we prefer to focus on the incidence of temporary work instead (Bassanini et al., 2010) . The main reason why enforcement issues are of particular concern in the context of temporary contracts is that incentives for enforcement are weak since workers and firms often share a mutual interest in non-enforcement. As a result, it has sometimes been difficult to establish a negative relationship between the incidence of temporary work and the stringency of employment protection provisions with respect to temporary contracts. Bassanini et al. (2010) provide empirical evidence that shows that this is indeed related to the problem of enforcement.
Hence, instead of using information based on the legislation, we focus on the actual use of temporary work, by measuring its incidence across countries and firm groups. Of course, the exogeneity of such a measure is more questionable, but by including country fixed effects and relying on within-country variation at least eliminates the concern of other, omitted institutions driving the results.
The effect of temporary work on the responsiveness of employment and earnings per worker to output shocks is identified using the following model:
whereβ cjs , µ c , η j and v s are as before. T EM P denotes the incidence of temporary work within a cell, measured on a scale of [0, 1] , by the ratio of temporary workers to total workers in a cell.
Data and implementation
This section describes the data sources used for the analysis. For the estimation of output elasticities, we make use of a comprehensive multi-country firm-level panel dataset, called ORBIS.
24 Spain, Slovenia, Italy and Portugal, show no major discontinuities in their employment distribution around the thresholds. For a number of other countries, there are spikes in the distributions at every 5 or 10 employees, possibly linked to some rounding in reporting. We attempted to carry out formal tests for breaks in the distribution around the threshold (following McCrary, 2008) , but the the discrete nature of the employment distribution makes it difficult to obtain reliable results. The recent results by Hijzen et al (2013) lend support to our case, however, as their tests fails to find a break at the threshold using a continuous (full time equivalent) measure of employment levels for Italy.
For the purposes of the decomposition exercise discussed in Section 3.2, we make further use of a variety of data sources based on administrative information or labour force surveys. Third, for the institutional analysis we combine our cell-level output elasticities with semi-aggregated information of employment protection and the incidence of temporary work.
Cross-country firm-level longitudinal database (ORBIS)
We estimate output elasticities, as described in 2.1, using a cross-country, firm-level longitudinal database, called ORBIS. The dataset provides comparable information from balance sheets and income statements for firms across many OECD and non-OECD countries. It is collected by For the purposes of the variance decomposition, described in Section 3.2, within-country heterogeneity is captured by stratifying the dataset along two dimensions: firm size and industry.
Firm size is defined in terms of the average number of employees: less than 20 employees; between 20 and 250 employees; more than 250 employees. Industries are grouped into construction, manufacturing and business services. While the use of a limited number of groups may lead to ignore some differences in labour adjustment across firms, the use of a coarse cell structure makes it easier to highlight the main messages of the descriptive analysis and also allows enough observations within each cell to estimate output elasticities using equation 2.1.
Administrative data sources
In order to implement the decomposition of the cross-country variation in aggregate employment growth (see Section 2.2) the estimated output elasticities need to be complemented with celllevel information on output shocks (shock heterogeneity) and employment shares (structure Note: non-farm, non-financial business sector, 1993-2009. The raw sample for the employment (earnings per worker) analysis corresponds to observations with strictly positive values for sales, employment (and earnings per worker) The raw data is different from the estimation sample due to restrictions on minimum firm size (at least 3 employees) basic cleaning and outlier-filtering, and most importantly, concentrating on firms with at least five valid observations. Smallest and largest cells refer to the cells with the least and largest number of observations, considering nine cells based on three broad sectors (manufacturing, construction and business services) and three firm size classes (less than 20 employees, between 20 and 250 employees, more than 250 employees) Countries marked with * are excluded from the earnings per worker sample because of the low number of observations. For more details, see Section A.1 in the Appendix and Section 3.1.
Source: Authors' calculations based on ORBIS 13 heterogeneity) To ensure that our decomposition is consistent with official aggregate information, we rely as much as possible on external data which are consistent with published national accounts and nationally representative labour force surveys.
The measures of structure heterogeneity are constructed by combining two data sources. The data on employment shares (structure heterogeneity) and output changes (shock heterogeneity) are summarised in Table 2 . It is worth pointing out some interesting findings from there. First, Spain and Portugal had above average construction sectors, while, together with
Italy, had also a lot of employment concentrated in small firms. Second, output declines tended to be largest in the manufacturing sector, except Spain, Portugal, the UK and the US where it was concentrated in construction. Third, Estonia was especially hard hit in each of the sectors.
Data on labour market institutions
The institutional analysis considers employment protection and the incidence of temporary work.
Information on the stringency of employment-protection rules with respect to collective and individual dismissals are obtained from the OECD database on EPL described in Venn (2009) 
Results
First, we present and comment on the estimated labour adjustment parameters across countries and firm groups using the methodology described in Section 2.1. Then, by using the output elasticities, we conduct the variance decomposition, described in Section 2.2, to assess the role of response, shock and structure heterogeneity and their interactions in shaping cross-country patterns of employment adjustment. The role assigned to response heterogeneity is interpreted as an upper bound for the role of labour market institutions, at least for short-run adjustment.
In doing so, we rely on the assumption made in Section 2, that labour market institutions affect elasticities but not employment shares or the size of the shocks in the short run. Finally, we identify the role of EPL and temporary work for shaping the adjustment behaviour of firms, following the methodology in Section 2.3. The cross-country averages of elasticities for each industry show that the responsiveness of employment to output is highest in construction and lowest in manufacturing, while the respon-siveness of earnings-per-worker is highest in manufacturing and lowest in construction. The differences in elasticities are quantitatively large, with the employment (earnings-per-worker) elasticity in construction being about twice as large (small) as that in manufacturing. These may reflect differences in production technologies, the skill composition of the workforce or the importance of non-standard contracts. The large differences across sectors in the responsiveness of labour inputs to output shocks imply that cross-country differences in industrial structure and the sectoral concentration of shocks can have important implications for the impact of the crisis on labour markets.
Elasticities of labour market outcomes
Differences in the responsiveness of labour inputs to output shocks across size groups are less pronounced than those across industries, but are of particular interest as they do not appear to conform well to the perceived wisdom at first sight. According to the figure, the responsiveness of both employment and earnings-per-worker to output shocks increases with firm size. This suggests that the sensitivity of the wage bill also increases with firm size. Traditionally, however, employment in small firms has been considered to be more sensitive to output shocks than employment in large firms, because the former were thought to find it more difficult to hoard labour during periods of weak product demand due to financial constraints (Sharpe, 1994) 
Variance decomposition of aggregate employment growth during the global financial crisis
In order to examine the role of structure, shock and response heterogeneity for aggregate em- tributions in this manner should increase the explained variance. This is labelled "contribution with interaction effects".
The results from the decompositions are presented in Figure 3 . Response heterogeneity explains 38% of the cross-country variation in employment growth when the other variables are kept at their cross-country mean. Considering the sample distributions of employment shares and output shocks, the contribution of response heterogeneity goes up slightly to 42% of the cross-country variation. Repeating the decomposition for shock heterogeneity suggests that this source explains 46% of the cross-country variation in employment growth. After accounting for the covariances between output shocks, on the one hand, and employment shares and output responses, on the other, shock heterogeneity explains about 59% of the cross-country variation in employment growth. The role of structure heterogeneity is negligible without accounting for interaction effects but increases to 14% after accounting for such effects.
The results provide two key insights. First, the relative importance of response heterogeneity suggests that differences in policies and institutions across countries account for a potentially large part of the cross-country variation in aggregate employment growth during the crisis.
Second, using disaggregate information can indeed explain part of differences in aggregate labour market dynamics, as illustrated by the share of the cross-country variance that can be attributed to the role of interactions.
Results of the institutional analysis
This section presents evidence on the effect of labour market regulations on the responsiveness to shocks. As a first plausibility check on our estimated elasticities and their relationship with labour market institutions, we present the relationship between employment protection and labour market flexibility using only cross-country variation. Then we move on to present our main results which use micro-level elasticities and within-country variation in employment protection, followed by suggestive evidence on the role of temporary work. Figure 4 shows a scatter plot of the regular component of the EPL index (EP LR) and the estimated employment elasticities of output shocks (the median β -s across firm groups, for each country) The relationship is negative (and significant at 5%) as expected: more stringent employment protection, by increasing the costs of adjustment, generally leads to smaller adjustment to output shocks. Although this finding is in line with economic intuition and earlier evidence (Bassanini and Duval, 2009; OECD, 2012 ) it meant to be only an illustrative exercise, since no additional controls are included. As we argued in the introduction, the most important controls would be further institutional and policy variables, which can affect both labour market flexibility and usually tend to be related to the stringency of employment protection. To focus only on employment protection and filter out the impact of other policies and institutions, the next subsection exploits within-country variation of the EPL index.
The role of employment protection using cross-country variation

The role of employment protection using within-country variation
This part of the analysis of employment protection exploits the within-country variation that results from firm-size exemptions. In order to ensure that the results only relate to exemptions with respect to employment-protection provisions and not the independent effect of firm size the analysis control for common firm-size effects across countries and, in addition, includes countries without firm-size exemptions as controls (see Section 2.3 for details) The results for employment are reported in Table 3 .
The results suggest a negative relationship between the stringency of individual dismissal regulations for regular workers and the responsiveness of employment to output shocks. As
shown by the first row of Panel A, a unit-increase in the index of EPL is associated with 3-5 percentage point decrease in the employment elasticity, similar to the magnitude obtained using cross-country variation (Figure 4 ) On the other hand, the stringency of collective dismissals does not seem to be significantly related to employment elasticities in our sample. There is evidence of independent size effects around the threshold: the coefficient of v is statistically significant at 5% when we assume a uniform above-below effect (columns 1 and 3) as well as when we allow it to vary with the thresholds (not shown in table).
The responsiveness of earnings per worker to output shocks appears to be positively associ- Stringency of dismissal rules at sample average (individual and collective) One standard-deviation increase in stringency of individualdismissal rules from sample average (EPR) One standard-deviation increase in stringency of collectivedismissal rules from sample average (EPC) **, ***: statistically significant at the 5% and 1% level, respectively.
For details, see Section 2.3.
for regular employees induce firms to adjust less on the extensive and more on the intensive margin.
The role of the incidence of temporary work
Employment protection rules are also likely to have an important impact on the use of temporary contracts (Blanchard and Landier, 2002; Boeri, 2011) Employment protection provisions with respect to regular contracts increase incentives to make use of temporary contracts, while employment protection provisions with respect to temporary contracts regulate their use. In order to capture the impact of employment protection on the adjustment behaviour of firms that comes about through its impact on the incidence of temporary work, Figure 6 analyses the role of the incidence of temporary work for the adjustment behaviour of firms. It confirms expectations that the employment sensitivity of temporary workers with respect to output shocks is substantially higher than that of regular workers. There is some indication that the increased sensitivity of employment reduces the sensitivity of earnings per worker in response to shocks.
However, the difference in the sensitivity of earnings per worker to shocks between permanent and temporary workers is not statistically significant.
Aggregate implications
What does the evidence above suggest about the importance of a specific policy or institution in explaining the cross-country variation of employment growth during the crisis? In order to answer this question, we check how much the dispersion of cross-country employment growth is affected by setting the employment protection index referring to individual dismissals of regular workers (EPR) to the cross-country average. More specifically, we calculate the dispersion of 
Output elasticities
Average output elasticity with incidence of temporary work at the sample average Output elasticities for permanent workers
Output elasticities for temporary workers **, ***: statistically significant at the 5% and 1% level, respectively. Output elasticities for permanent and temporary workers denote the average of predicted values of regression 2.9 when setting the incidence of temporary work to one and to zero Source: Authors' calculations based on ORBIS. For details, see Section 2.3.
the implied country-level employment growth rates between 2008 and 2009 across countries
where N c is the number of countries and ∆l t is the average of the predicted aggregate employment change across countries. The implied country-level employment changes are calculated according to the formula in equation 2.3 in the Section 2.2, which uses estimated cell-level employment elasticities β cg , actual output changes ∆y cg and actual employment shares w cg in country c and firm group g. We repeat that formula here, with time subscripts omitted, and emphasize that Table 3 (-0.47) we calculate the predicted elasticities after setting EPR to its crosscountry mean:
and use these elasticities in equation 5.1:
The resulting cross-country standard deviation is 0.8%, only slightly smaller than the standard deviation based on actual levels in EPR.
Thus, this simple back-of-the-envelope calculation indicates that differences in the regular worker component of EPL alone are unlikely to be a major cause for the dispersion in aggregate employment dynamics during the initial phase of the global financial crisis. In future work, further institutions like tax systems the nature of collective bargaining, could be looked at in order to explain a larger part in the variation of labour adjustment across countries. 32
Concluding remarks
This paper investigates the role of policies and institutions for aggregate labour market dynamics during the global financial crisis using firm-level data. It makes the case that using micro-level information can be important for understanding macro-economic outcomes in the context of firm heterogeneity and provides new evidence on the role of labour market institutions for the adjustment behaviour of firms.
The use of firm-level data is important if firms are heterogeneous in their labour input adjustment technologies. In this case, cross-country differences in aggregate labour market dynamics may not just stem from cross-country differences in average labour input technologies -here assumed to be largely due to differences in institutional settings -, but also from differences in the distribution of shocks across firms within countries and the composition of firms across countries. Descriptive evidence based on a variance decomposition suggests that this may indeed be important in practice. Thus, using disaggregate information not only enhances one's ability when adjustment technologies are non-linear as emphasized in previous related work, but also when firms are heterogeneous in terms of their adjustment technologies.
Firm-level data may also help to shed more light on the role of labour market institutions for the way firms adjust in response to shocks. In contrast to much of the previous literature on the role of labour market institutions the present paper does this by exploiting the withincountry variation in institutions rather than the cross-country variation. The main advantage of doing so is that the within-country variation allows us to better estimate the effect of a single institutional variable. Moreover, using disaggregate data also allows controlling for different sources of heterogeneity. Estimates from aggregate studies may be misleading to the extent that cross-country differences in labour market adjustment results, in part, from differences in composition of firms or the distribution of business conditions across firms.
This paper shows that labour market institutions account employment protection provisions for regular workers have a tendency to shift the burden of adjustment from the extensive margin (employment) to the intensive margin (working time and wages) while the incidence of temporary
Appendix
A Data description
A.1 Sources and construction of international firm-level data
The source of the company-level dataset used in the analysis is the ORBIS dataset, collected by the Bureau van Dijk (BvD) 33 The database is a collection of accounts, mostly at annual frequency, derived from companies' balance sheets and income statements. As such, it is a longitudinal database providing rich variation across countries, industries and firm size, and with a time span of seventeen years (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) 34 The version we can access contains data from 43 countries (primarily OECD member countries and those who participate in the Enhanced Engagement of the OECD) though not all of them can be used in the analysis. Eventually 21 countries were included in the sample, for which there is a large enough number of firms and the appropriate set of variables for our purposes. See Table 1 in the Section 3 of the main text for the set of countries we use and the number of observations and firms for each.
Our main variable of interest is employment (EMPLOYEES in ORBIS) sales or turnover (OPERATING_REV_TURNOVER) as a proxy for output and labour costs (COSTS_EMPLOYEES)
Earnings per worker is defined as labour costs divided by employment.
All firms in our analysis have at least three consecutive years of non-missing and positive data without implausibly large longitudinal changes. Specifically, as they are likely to be data errors, we filter out observations in any of the conditions are met in Table A .1. The main filtering rules were: i) to exclude observations with less than three employees; ii) to exclude firms with less than three consecutive observations and less than five observations in total (not necessarily consecutive); iii) to exclude observations with implausibly large changes in employment, sales or earnings per worker and iv) to exclude outliers based on sales per worker (i.e. labour productivity)
We also apply outlier filtering based on the distribution of sales over employment and earnings per worker: we apply the Chebyshev method and filter out observations in each country, industry and sizeclass cell which our outside the interval defined as [p25-1.5 * iqr, p75+1.5 * iqr], where p25
and p75 denotes the 25th and 75th percentiles, and iqr is the interquartile range: iqr = p75−p25.
After dropping observations which do not pass these filters, we require that each firm has at least five observations in order to ensure that the GMM type estimation can utilize enough number of lagged values. The affected number of observation per each country for each of these criteria is available on request.
33 The ORBIS dataset, which contains countries outside as well as within Europe, is augmented with the Amadeus dataset (also collected by the BvD) This was needed primarily to include more firm-year observations in the 1990's, as the vintage of the ORBIS dataset available at the OECD starts reporting firms mostly only around 1999.
34 The Statistics Department (STD) and at the Directorate of Employment, Labour and Social Affairs (ELS) of the OECD have carried out extensive consistency checks and cleaning of the data. Among others, the role of consolidated accounts, differing accounting years have been addressed. See more details on this by the OECD STD (Ragoussis and Gonnard, 2011) 
Definition
Note: observations are dropped from the database if any of the criteria (columns) for any variable (rows) is not fulfilled. For example, the first entry in column four corresponds to the following rule: an observation is dropped if the yearly growth rate in employment grows by a factor of 5 or drops by 80%. This rule is equivalent to keeping all observations which satisfy the following rule 1.2<Et/Et−1<5. The relative magnitude of the intervals across variables are based on an assessment of the relative standard deviation of the variables. a) Dropping observations with large absolute changes. An observation is dropped if the absolute value of log changes |log(Xt/Xt−1)| is larger than values in the respective cells of the table, and also the absolute value of changes in levels are larger than the value in the cell. b) Dropping observations with large growth rates. An observation is dropped if Xt/Xt−1 is larger than the cell value or smaller than the inverse of the cell value. c) Dropping observations with volatile growth rates (reversals) An observation is dropped if Xt/Xt−1 is above the cell value in time t and is below the inverse of the cell value in time t + 1.
d) Dropping observations with volatile growth rates (lagged growth) An observation is dropped if the absolute value of log changes is larger than the elements in the first sub-column and the difference with the lagged change is larger than the elements in the second sub-column. Note: horizontal axis denotes employment (E) the columns indicate the densities of the firms size (measured by employment) distribution by country-groups, grouped by the employment protection thresholds below which exemptions apply. Vertical lines indicate the country-group specific threshold levels (10, 15, 20 and 25) EPL index is the same below and above the threshold, and the employment histogram is very irregular around such high employment levels due to low density of firms at such, relatively high employment level.
A.2 Employment protection index with firm size exemptions
